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© Tandem mill system and work roll crossing mill. 

© In a tandem mill system, at least one first type 
rolling mill is arranged in the upstream side and at 
least one second type rolling mill is arranged in the 
downstream side. The first type rolling mill is of the 
so-called work roll crossing mill in which a pair of 
work rolls are inclined with respect to a pair of back- 
up rolls supporting the work rolls and simultaneously 
crossed each other in a horizontal plane to control 
transverse thickness distribution of a strip. The sec- 
ond type rolling mill is of the so-called HC mill which 
controls the strip crown and shape by a combination 
of axial movement of intermediate rolls and work roll 
bending. Such an arrangement makes it possible to 
increase a capability of controlling the strip crown 
and shape, particularly, a capability of correcting the 
quarter buckle, and eliminate a fear of causing 
scratches on the strip and roll surfaces, with the 
result of improved production efficiency. Plural lines 
of lubricant supply device are also provided to stop 
supply of a lubricant immediately before biting of the 
strip into the work roll crossing mill and start the 
supply again after the biting. A system of lubricating 



the work roll crossing mill is thereby improved. 

FIG.1 




Mo.l No.2 No.4 ^ MoJ Hq , 

ROLLING DIRECTION 



Rank Xerox (UK) Business Services 

13.10/3-6/3.3.1) 



BNSDOC1D: <EP _05558B2A1 J_> 



3 



EP 0 555 882 A1 



4 



Secondly, no considerations are paid to 
scratches of rolls due to strips. More specifically, in 
both hot and cold rolling, a strip-caused scratch 
occurs on the roll surface during the rolling. The 
occurrence of a strip-caused scratch on the roll 5 
surface deteriorates the surface quality of rolled 
products and hence requires replacement of rolls. 
In particular, if a strip-caused scratch occurs in any 
upstream roll, the scratch is transferred to down- 
stream rolls as well and the number of rolls to be 10 
replaced is increased, thus leading to a large influ- 
ence. 

In the case of hot rolling, rolls are brought into 
contact with strips at high temperatures in several 
upstream stands and the roll surface inevitably is 
changes in quality such that the so-called scale is 
created thereon. Taking the fact into account, it has 
been practiced to intentionally or positively deposit 
the scale as one kind of surface coating. The scale 
is very hard and no particular problems arise if it is 20 
uniformly deposited over the roll surface. However, 
deposition of the scale onto the roll surface is not 
so stable in its creation process immediately after 
roll replacement that the scale once deposited is 
often peeled off and caught up between the roil 25 
and the strip, thereby causing a scratch. Accord- 
ingly, roll replacement is required and time loss 
necessary for the roll replacement leads to a re- 
duction in production efficiency. Moreover, the ne- 
cessity of rolling those strips, which especially tend 30 
to create the scale, immediately after roll replace- 
ment has imposed limitations on the degree of 
freedom in schedule. 

A first object of the present invention is to 
provide a tandem mill system which has a high 35 
capability of controlling the strip crown and shape, 
particularly, a high capability of correcting the quar- 
ter buckle, has a high rate of production, and is 
free from a fear of causing scratches on the strip 
and roll surfaces, by arranging work roll crossing 40 
mills in each of which a pair of work rolls are 
inclined with respect to associated back-up rolls 
and also crossed each other. 

A second object of the present invention is to 
improve, in a system comprising a plurality of work 45 
roll crossing mills in each of which a pair of work 
rolls are inclined with respect to associated back- 
up rolls and also crossed each other, a manner of 
lubricating between the work rolls and the back-up 
rolls supporting the work rolls, thereby providing a so 
tandem mill system which enables smooth lubrica- 
tion. 

A third object of the present invention is to 
improve, in a work roll crossing mill in which a pair 
of work rolls are inclined with respect to associated 55 
back-up rolls and also crossed each other, as well 
as a tandem mill system including a plurality of 
such work roll crossing mills, a manner of lubricat- 



ing between the work rolls and the back-up rolls 
supporting the work rolls, thereby providing a tan- 
dem mill system and a work roll crossing mill 
which enable smooth lubrication. 

To achieve the above first object, in accor- 
dance with the present invention, there is provided 
a tandem mill system in which a plurality of rolling 
mills are arranged along a rolling line, said plurality 
of rolling mills including (a) at least one first type 
rolling mill comprising a pair of work rolls and a 
pair of back-up rolls, said pair of work rolls being 
inclined with respect to a pair of said back-up rolls 
supporting said work rolls and simultaneously 
crossed each other in respective horizontal planes 
to control transverse thickness distribution of a 
strip; and (b) at least one second type rolling mill 
having a shape control function of providing an 
influence upon a pattern of the transverse thickness 
distribution of said strip different from the influence 
provided by said first type rolling mill. 

To achieve the above first object, in accor- 
dance with the present invention, there is also 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a rolling line, 
said plurality of rolling mills including (a) at least 
one first type rolling mill comprising a pair of work 
rolls and a pair of back-up rolls, said pair of work 
rolls being inclined with respect to said pair of 
back-up rolls supporting said work rolls and si- 
multaneously crossed each other respective hori- 
zontal planes to control transverse thickness dis- 
tribution of a strip; and (b) at least one second type 
rolling mill comprising a pair of work rolls and a 
pair of rolls movable in an axial direction, at least 
said pair of work rolls being applied with bending 
forces to control the transverse thickness distribu- 
tion of said strip by a combination of the roll 
movement and the work roll bending. 

To achieve the above first object, in accor- 
dance with the present invention, there is further 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a roiling line, 
said plurality of rolling mills including (a) at least 
one first type rolling mill comprising a pair of work 
rolls and a pair of back-up rolls, said pair of work 
rolls can be bended and being inclined or in line 
with respect to said pair of back-up rolls supporting 
said work rolls and simultaneously crossed each 
other in respective horizontal planes to control 
transverse thickness distribution of a strip; and (b) 
at least one second type rolling mill comprising a 
pair of bendably and a pair of bottle shaped rolls 
mutually symmetrical about a point and movable in 
an axial direction, said pair of bottle shaped rolls 
being moved in opposite directions to each other to 
control the transverse thickness distribution of said 
strip. 
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of work roll crossing mills each of which comprises 
a pair of work rolls and a p^ir of back-up rolls, said 
pair of work rolls being inclined with respect to a 
pair of said back-up rolls supporting said work rolls 
and simultaneously crossed each other in respec- 
tive horizontal planes to control transverse thick- 
ness distribution of a strip; (b) lubricant supply 
means provided for each of said plurality of work 
roll crossing mills for lubricating between said work 
rolls and said back-up rolls supporting said work 
rolls; (c) first detection means provided upstream of 
said plurality of work roll crossing mills for detect- 
ing the presence or absence of said strip; (d) 
second detection means provided for each of said 
plurality of work roll crossing mills for detecting 
biting of said strip; and (e) control means for con- 
trolling said lubricant supply means in response to 
signals from said first and second detection means. 

To achieve the above second and third objects, 
in accordance with the present invention, there is 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a rolling line, 
comprising (a) said plurality of rolling mills includ- 
ing a plurality of work roll crossing mills each of 
which comprises a pair of work rolls and a pair of 
back-up rolls, said pair of work rolls being inclined 
with respect to said pair of back-up rolls supporting 
said work rolls and simultaneously crossed each 
other in respective horizontal planes to control 
transverse thickness distribution of a strip; and (b) 
plural lines of lubricant supply means provided for 
each of said plurality of work roll crossing mills for 
lubricating between said work rolls and said back- 
up rolls supporting said work rolls, said plural lines 
of lubricant supply means having respective lubri- 
cant supply sources per line. 

To achieve the above third object, in accor- 
dance with the present invention, there is provided 
a work roll crossing mill comprising a pair of work 
rolls and a pair of back-up rolls, said pair of work 
rolls being inclined with respect to said pair of 
back-up rolls supporting said work rolls and si- 
multaneously crossed each other in respective 
horizontal planes to control transverse thickness 
distribution of a strip, wherein said mill includes 
plural lines of lubricant supply means for lubricat- 
ing between said work rolls and said back-up rolls 
supporting said work rolls, said plural lines of lubri- 
cant supply means having respective lubricant sup- 
ply sources per line. 

In the present invention concerned with the first 
object, the first type rolling mill is constituted by 
the so-called work roll crossing mill to control the 
transverse thickness distribution, i.e., the strip 
crown, ranged from the vicinity of the strip center 
based on its roll crossing effect, and the second 
type rolling mill has a shape control function to 
correct the transverse thickness distribution ranged 
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from the vicinity of the strip ends, thereby exhibit- 
ing a high capability of quarter buckle control. Also, 
in the work roll crossing mill, since a cross angle of 
the work rolls can be controlled even during the 

5 rolling of the strip, during passing cross angle 
control is permitted. 

In the work roll crossing mills used as the first 
type rolling mill, since the work rolls are rotated in 
such a condition that they, are inclined with respect 

io to the back-up rolls supporting the work rolls, there 
occur slight slips between the work rolls and the 
back-up rolls, causing these rolls to grind each 
other. As a result, scratches due to the scale are 
not caused in hot rolling, and a fear of causing 

75 scratches on the roll surfaces is eliminated. Thus, 
the roll surfaces are always kept clean in either 
case. 

Furthermore, since the first type rolling mill 
controls the transverse thickness distribution of the 

20 strip based on the roll crossing, large-diameter 
work rolls can used therein. Accordingly, when the 
present invention is applied to hot rolling, the work 
rolls are prevented from being heated up to high 
temperatures and deterioration of the roll material 

25 can be suppressed. In addition, the use of- large- 
diameter work rolls can ensure positive biting of 
thick strips. 

The rolling mill which controls the transverse 
thickness distribution of the strip by a combination 
30 of the roll movement and the work roll bending, 
and the rolling mill which controls the transverse 
thickness distribution of the strip by moving the 
bottle shaped rolls, mutually symmetrical about a 
point, in opposite directions to each other have 
35 shape control functions of giving influences, dif- 
ferent from the influence given by the first type 
rolling mill, upon a pattern of the transverse thick- 
ness distribution of the strip, thus making it possi- 
ble to correct the transverse thickness distribution 
40 ranged from the vicinity of the strip ends. There- 
fore, a capability of quarter buckle control can be 
developed by using any of the above roiling mills 
as the aforesaid second type rolling mill. 

Between the case where the transverse thick- 
45 ness distribution of the strip is controlled by the 
work roll crossing mill based on a combination of 
the roll crossing and the work roll bending, and the 
case where the transverse thickness distribution of 
the strip is controlled by the so-called PC mill, in 
so which the work rolls and the back-up rolls are 
crossed together each other, based on a combina- 
tion of the roll crossing and the work roll bending, 
there occurs a difference in characteristics of the 
work roll bending, when the work roll diameter is 
55 small, due to different degrees of interference in 
detrimental contact portions between the work rolls 
and the back-up rolls. In other words, the work roll 
bending imposes a greater.influence upon the 

5 
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can be reduced while providing required lubrication 
to the work roll crossing mill. 

With such an arrangement that the plural lines 
of lubricant supply means each have a number of 
nozzles arranged along the roll axial direction in the 
first type rolling mill, and the lubricant supply sour- 
ces for the plural lines of lubricant supply means 
contain lubricants with different densities, when the 
detected thrust forces becomes too large, the lubri- 
cant with higher different density can be supplied 
so as to prevent a trouble of roll seizure or the like 
due to excessive thrust forces and hence prolong 
the service life of the rolls. 

Brief Description of the Drawings 

Fig. 1 is a schematic view of a tandem mill 
system according to a first embodiment of the 
present invention. 

Fig. 2 is a schematic view of a first type rolling 
mill (a work roll crossing mill) shown in Fig. 1 . 

Fig. 3 is a schematic view of a second rolling 
mill (an HC mill) shown in Fig. 1. 

Fig. 4 is a front view, partly sectioned, of the 
work roll crossing mill shown in Fig. 2. 

Fig. 5 is a top plan view, partly sectioned, of 
the work roll crossing mill shown in Fig. 4. 

Fig. 6 is a schematic view of a 6-high mill 
having modified rolls which is arranged in place of 
the HC mill shown in Fig. 1 . 

Fig. 7 is a schematic view of a 4-high mill 
having modified rolls which is arranged in place of 
the HC mil! shown in Fig. 1 . 

Fig. 8 is a schematic view of a tandem mill 
system according to a second embodiment of the 
present invention. 

Fig. 9 is a schematic view of a tandem mill 
system according to a third embodiment of the 
present invention. 

Fig. 10 is a schematic view of a tandem mill 
system according to a modification of the third 
embodiment shown in Fig. 9. 

Fig 11 is a schematic view of a PC mill shown 
in Fig. 10. 

Fig. 12 is a schematic view of a tandem mill 
system according to a fourth embodiment of the 
present invention. 

Fig. 13 is a schematic view of a tandem mill 
system according to a fifth embodiment of the 
present invention. 

Fig. 14 is a front view, partly sectioned, of a 
work roll crossing mill with a work roll bending 
function. 

Fig. 15 is a top plan view, partly sectioned, of 
the work roll crossing mill shown in Fig. 14. 

Fig. 16 is a view for explaining detrimental 
contact portions in roll bending. 



Fig. 17 is a schematic view of a tandem mill 
system according to a sixtn embodiment of the 
present invention. 

Fig. 18 is a schematic view of a tandem mill 
> system according to a seventh embodiment of the 
present invention. 

Fig. 19 is a schematic view of a tandem mill 
system according to an eighth embodiment of the 
present invention, 
o Fig. 20 is a schematic view of a work roll 

crossing mill according to a ninth embodiment of 
the present invention. 

Fig. 21 is a view showing distribution of roll-to- 
roll friction forces in a rolling mill. 
75 Fig. 22 is a schematic view of a crossing mill 

according to a tenth embodiment of the present 
invention. 

Fig. 23 is a schematic view of a tandem mill 
system according to still another embodiment of 
20 the present invention. 

Fig. 24 is a schematic view of a tandem mill 
system according to still another embodiment of 
the present invention. 

Fig. 25 is a schematic view of a tandem mill 
25 system according to still another embodiment of 
the present invention. 

Detailed Description of the Preferred Embodiments 
30 First Embodiment 

To begin with, a first embodiment of the 
present invention will be described with reference 
to Figs. 1 to 5. In this embodiment, the present 
35 invention is applied to hot rolling. 

In Fig. 1 , a tandem mill system of this embodi- 
ment is constructed such that first type rolling mills 
8 to 11, each being shown in Fig. 2, are arranged 
in the upstream side of from first to fourth stands, 
to and second type rolling mills 12 to 14, each being 
shown in Fig. 3, are arranged in the downstream 
side of from fifth to seventh stands. A strip 1 to be 
rolled is supplied from the entry side of the first 
type rolling mills 8 to 11 and successively rolled 
45 through the two types rolling mills, including the 
second type rolling mills 12 to 14, in tandem. 

The first type rolling mills 8 to 11 each com- 
prise, as shown in Fig. 2, a pair of upper and lower 
work rolls 2, 3 and a pair of upper and lower back- 
so up rolls 6, 7. The first type rolling mill is of a 
crossing mill that the pair of work rolls 2, 3 are 
inclined with respect to the pair of back-up rolls 6, 
7 respectively supporting the work rolls 2, 3 and 
also crossed each other in respective horizontal 
55 planes to control the transverse thickness distribu- 
tion, i.e., the strip crown. In this specification, such 
a crossing mill will be referred to as "a work roll 
crossing mill" case by case. Further, this work roll 
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217 provided on the movable block 216 engage 
projections 203a formed at an end .of the work roll 
chock 203, whereby driving forces of the hydraulic 
cylinders 215, 215 are transmitted to the work roll 
chock 203 to move the work roll 2 or 3 in the axial 
direction. 

It is needless to say that, though not shown, 
the above-mentioned control of axial movement of 
the work rolls 2, 3 is performed by a movement 
amount controller depending on rolling conditions. 

Further, as shown in Figs. 4 and 5, lubricant 
supply nozzles 218 are disposed along the roll axis 
as a primary member of a lubricant supply device 
for supplying a lubricant to between the work rolls 
2, 3 and the back-up rolls 6, 7. The position where 
the lubricant supply nozzle 218 is disposed is not 
necessarily limited to the illustrated location, and 
may be at any location so long as lubricating oil as 
a lubricant can be supplied to between both the 
rolls. 

A roll grinder 220 is installed closely to the roll 
surface of each of the back-up rolls 6, 7 for grind- 
ing the roll surface during the rolling. A brush roller 
221 and a cleaning nozzle 222 are also installed to 
remove the lubricating oil that has adhered onto the 
roll surface of each of the back-up rolls 6, 7. 

In the work roll crossing mill of this embodi- 
ment, as mentioned above, the lubricant supply 
nozzle 218 is disposed along the roll axis for sup- 
plying a lubricant to between the work rolls 2, 3 
and the back-up rolls 6, 7. This supply of the 
lubricant reduces the coefficients of friction be- 
tween the work rolls 2, 3 and the back-up rolls 6, 7, 
makes smaller thrust forces produced on the work 
rolls because of only the work rolls being crossed, 
and further successfully enables easy change of 
the strip crown during the rolling while providing a 
high capability of strip crown control. As a result, 
there can be realized a 4-high mill of the type that 
only the work rolls are crossed each other. Inciden- 
tally, the detailed operation of this type 4-high mill 
is described in Japanese Patent Application No. 3- 
66007. 

In addition, since the upper and lower work 
rolls 2, 3 are arranged so as to shift in the axial 
direction, the work rolls can be axially moved dur- 
ing the rolling operation, which enables dispersion 
of wear and hence schedule free rolling. 

A description will now be given of operating 
advantages of this embodiment. 

In usual rolling schedule, a reduction rate of 
the first stand is maximum. Accordingly, if the large 
strip crown is given in the first stand, it becomes 
difficult to correct that strip crown in the subse- 
quent stands. Stated otherwise, those rolling mills 
which have a high capability of correcting the strip 
crown are required to be installed in the upstream 
side including the first stand. In the case of hot 



rolling, since rolls are brought into contact with 
strips at high temperatures in several upstream 
stands, small-diameter rolls are heated up to high 
temperatures soon because of their small heat ca- 
5 pacity and the quality of roil material is deterio- 
rated. Also, if work rolls of upstream stands have a 
small diameter, those work rolls cannot bite a thick 
strip therebetween. For that reason, large-diameter 
work rolls are required in upstream stands of the 
io tandem mill system. A 6-high UC or HC mill having 
large-diameter work rolls, however, becomes an 
extremely large-sized apparatus and increases the 
construction cost. Still another drawback is in that 
because of being less susceptible to bending, 
75 large-diameter work rolls have a small roll bending 
effect and hence exhibit a small capability of con- 
trolling the strip crown and so forth. 

Furthermore, in the case of hot rolling, rolls are 
brought into contact with strips at high tempera- 
20 tures in several upstream stands and the roll sur- 
face inevitably changes in quality such that the so- 
called scale is created thereon. Taking the fact into 
account, it has been practiced to intentionally or 
positively deposit the scale as one kind of surface 
25 coating. The scale is very hard and no particular 
problems arise if it is uniformly deposited over the 
roll surface. However, deposition of the scale onto 
the roll surface is not so stable in its creation 
process immediately after roll replacement that the 
30 scale once deposited is often peeled off and 
caught up between the roll and the strip, thereby 
causing a scratch. Accordingly, roll replacement is 
required and time loss necessary for the roll re- 
placement leads to a reduction in production effi- 
35 ciency. Moreover, the necessity of rolling those 
strips, which especially tend to create the scale, 
immediately after roll replacement has imposed 
limitations on the degree of freedom in schedule. 
On the other hand, in the downstream stands 
40 where the strip thickness is small, a transverse 
deformation at the strip ends is small and flatness 
at the strip ends becomes a critical factor. There- 
fore, those rolling mills which have a high capability 
of correcting the strip end shape are required to be 
45 installed in the downstream stands. 

In this embodiment, the work roll crossing mills 
are used as the first type rolling mills 8 to 11 
arranged in the upstream side of the tandem mill 
system and their roll crossing effects are utilized to 
50 control the transverse thickness distribution, i.e., 
the strip crown, ranged from the vicinity of the strip 
center. In this connection, since the work roll cross- 
ing mill can control the cross angle during the 
rolling, it is possible to control the strip crown in 
55 real time while detecting the strip shape. The HC 
and/or UC mills are used as the second type rolling 
mills 12 to 14 arranged in the downstream side to 
concentrically correct the strip end shape based on 
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bility of correcting the strip end shape is required 
to be installed in the final stand. No particular 
problems arise even with conventional rolling mills 
used in the intermediate stands. 

This embodiment is on the basis of the above 
consideration. More specifically, the work roll 
crossing mill and the HC mill are arranged in the 
first stand and the final seventh stand, respectively, 
so that the first stand controls the t ansverse thick- 
ness distribution, i.e, the strip crow:\ ranged from 
the vicinity of the strip center based on the roll 
crossing effect and the final stand concentrically 
corrects the strip end shape based on both the roll 
movement and the work roll bending, thereby mak- 
ing it possible to develop a high capability of 
quarter buckle control. This embodiment can also 
provide the similar advantages to those in the em- 
bodiment of Fig. 1 such as that the work roll 
crossing mill in the first stand causes no scratches 
on the roll and strips. Additionally, this embodiment 
can also be applied to cold rolling with the result of 
the similar advantages in relation to a capability of 
quarter buckle control and a reduction in the occur- 
rence of scratches. 

Third Embodiment 

A third embodiment of the present invention 
will be described with reference to Fig. 9. This 
embodiment also represents the case where the 
present invention is applied to hot rolling. In this 
embodiment, the work roll crossing mills, each 
being shown in Fig. 2, are arranged as the first 
type rolling mills 10, 11 in the upstream third and 
fourth stands, the HC mills, each being shown in 
Fig. 3, are arranged as the second type rolling 
mills 12 to 14 in the downstream fifth to seventh 
stands, and conventional 4-high mills 8B, 9B with 
no rolls crossed are arranged in the upstream first 
and second stands. 

As mentioned before, the scale deposits on the 
work rolls in the upstream stands. If the scale 
deposits uniformly in the axial direction, no particu- 
lar problems arise; on the contrary, it is rather 
preferable in many cases. The scale is a hard 
metal oxide and has advantageous features such 
as high wear resistance. Therefore, the first and 
second stands in which the scale is more likely to 
deposit on the work rolls are constituted by the 
conventional 4-high mills, with an intention of posi- 
tively depositing the scale to improve wear resis- 
tance. From the third stand in which deposition of 
the scale tends to be unstable, the work roll cross- 
ing mills, each being shown in Fig. 2, are arranged 
until the fourth stand so that the occurrence of roll 
scratches is prevented by utilizing the grinding 
effect based on the roll crossing. 



A reduction in capability of strip crown control 
caused by the conventional 4-high* mills 8B, 9B 
arranged in the first and second stands is com- 
pensated for by. the wor.k roll crossing mills 10, 11 
5 in the third and fourth stands. As a result, a high 
capability of strip crown control can be developed 
through the entirety of the upstream first to fourth 
stands. 

Consequently, this embodiment can also pro- 
w vide the similar advantages to those in the fore- 
going embodiments. 

In the above-mentioned third embodiment, the 
first and second stands may be constituted by 
rolling mills of the type that pairs of work rolls and 
75 back-up rolls, one pair being on each of the upper 
and lower sides, are crossed together each other in 
respective horizontal planes, i.e., PC mills, other 
than the conventional 4-high mills. This alternative 
arrangement is shown in Fig. 10. In Fig. 10, PC 
20 mills 8D, 9D are arranged in the first and second 
stands. As shown in Fig. 11. the PC mills each 
comprise a pair of work rolls 2d, 3d and a pair of 
back-up rolls 6d, 7d arranged such that the pair of 
work rolls 2d, 3d and the pair of back-up rolls 6d, 
25 7d supporting the work rolls 2d, 3d are crossed 
together each other in respective horizontal planes, 
thus controlling the transverse thickness distribu- 
tion of the strip. The arrangement of Fig. 10 using 
the PC mills can also provide the similar advan- 
30 tages to those in the third embodiment. 

Fourth Embodiment 

A fourth embodiment of the present invention 
35 will be described with reference to Fig. 12. This 
embodiment represents an arrangement which is 
primarily used in cold rolling. In this embodiment, 
the work roll crossing mil! shown in Fig. 2 is 
arranged as the first type rolling mill 11 in the 
40 fourth stand before the final stand, the HC mill 
shown in Fig. 3 is arranged as the second type 
rolling mill 12 in the final fifth stand, and conven- 
tional 4-high mills 86 to 10C with no rolls crossed 
are arranged in the upstream first to third stands. 
45 In cold rolling, a capability of correcting the 

shape (flatness) is required rather than a capability 
of correcting the strip crown. For strips of large 
width, particularly, there is needed a capability of 
correcting the quarter buckle including not only 
so simple end and middle elongations, but also mix- 
ture of these elongations. As mentioned before, 
such a capability is provided by properly combin- 
ing a means which gives an influence upon the 
transverse thickness distribution pattern ranged 
55 from the vicinity of the strip enter and a means 
which concentrically applies an effect to the strip 
ends. The shape of final rolled products is greatly 
influenced by the final n-th stand (the fifth stand in 
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In this embodiment of t Fig. 17, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 
11 shown in Fig. 1 are associated with a lubricant 
supply device which comprises valves 15 to 18, 
nozzles 100 to 107, a tank 38 as a supply source 
of the lubricant, and a pump 39. The valves 15 to 
18 of the lubricant supply device are controlled by 
supply amount adjusters 22 to 25 and a controller 
30. A strip sensor 29 is provided in the entrance 
side of a train of the rolling mills to detect the 
presence or absence of the strip 1 . The presence 
of the strip is usually detected by using a ther- 
mometer. Further, load cells 31 to 34 are provided 
in the respective stands to detect biting of the strip. 

When the strip sensor 29 detects that the strip 
has entered, a detected signal is taken by the 
controller 30 from which a supply stop signal is 
immediately transmitted to the supply amount ad- 
juster 22 for the first stand. Threading speeds for 
the respective stands are previously input in the 
controller 30 which calculates periods of time re- 
quired for the strip to pass the stand-to-stand dis- 
tances and successively transmits supply stop sig- 
nals to the supply amount adjusters for the subse- 
quent stands with lags corresponding to the cal- 
culated periods of time. Meanwhile, the supply of 
the lubricant must be started again immediately 
after biting of the strip. To this end, the biting is 
detected by the load cells 31 to 34 provided on the 
respective stands, whereupon supply start signals 
are output to the supply amount adjusters 22 to 25. 
The lubricant is sent from the tank 38 as a supply 
source by the pump 39. By so controlling the 
supply of the lubricant, troubles due to excessive 
thrust forces and slip troubles at the time of biting 
are eliminated, with the result of improved produc- 
tion efficiency. 

Seventh E mbodiment 

A seventh embodiment of the present invention 
will be described with reference to Fig. 18. This 
embodiment is also related to a lubricant supply 
device as with the above sixth embodiment. Gen- 
erally, rolling schedule is determined so that rolling 
power becomes uniform throughout all the stands. 
Therefore, rolling load is not always on the same 
order in all the stands. There is such a tendency 
that rolling load is large in the upstream stands 
corresponding to a slow threading speed and, to 
the contrary, it is small in the downstream stands. 
Because thrust forces produced in the work roll 
crossing mill are almost proportional to rolling load, 
the upstream stands undergo larger thrust forces 
than the downstream stands and require more fre- 
quent replacement of the rolls and bearings, mean- 
ing that maintenance time has been wasted. This 
disadvantage can be eliminated by using, in the 



upstream stands, a lubricant with a greater capabil- 
ity of reducing the friction force than that of a 
lubricant used in the downstream stands. 

In this embodiment of Fig. 18, therefore, the 

5 first type rolling mills (work roll crossing mills) 8 to 
11 are divided into two groups and, correspond- 
ingly to these groups, the lubricant supply device 
is also divided into two groups. A lubricant with a 
greater capability of reducing the friction force or a 

70 lubricant with higher density is supplied to the first 
group of upstream work roll crossing mills 8, 9 
from a tank 42 by a pump 43, whereas a different 
lubricant, i.e., a lubricant with a smaller capability 
of reducing the friction force or a lubricant with 

75 lower density is supplied to the second group of 
upstream work roll crossing mills 10, 11 from a 
tank 40 by a pump 41. By so supplying two kinds 
of lubricants, it is possible to make the thrust 
forces uniform in all the stands, cut down the time 

20 wastefully consumed, and hence improve produc- 
tion efficiency. Further, the amount of lubricant 
used is diminished. 

Eighth Embodiment 

25 

An eighth embodiment of the present invention 
will be described with reference to Fig 19. This 
embodiment is also related to a lubricant supply 
device. In the above embodiments, the same lubri- 
30 cant is supplied to the upper and lower rolls. In 
many usual cases, however, roll lubricating con- 
ditions are different between the upper and lower 
sides, and roll wears are also different between the 
upper and lower sides. Generally, since a large 
35 amount of cooling water is used in hot rolling, the 
lubricant is more easily washed away in the lower 
rolls. Therefore, the coefficient of friction in the 
lower side is increased and wears of the lower rolls 
become larger correspondingly. 
40 In view of the above, a lubricant supply system 

is divided into two lines between the upper rolls 
and the lower rolls of the rolling mills for supplying 
lubricants with different densities therethrough. In 
this embodiment of Fig. 19, valves 44 to 47 and the 
45 nozzles 100, 102, 104, 106 are provided as a 
device for supplying a lubricant to the upper rolls, 
whereas the valves 15 to 18 and the nozzles 101, 
103, 105, 107 are provided as a device for sup- 
plying a lubricant to the lower rolls. The lubricant 
50 for the upper rolls is supplied to the upper roll 
system from a tank 51 by a pump 52, and the 
lubricant with higher density than the lubricant for 
the upper rolls is supplied to the lower roll system 
from the tank 38 by the pump 39. By so arranging, 
55 it is possible to prevent abnormal wear of the lower 
rolls, cut down the time wastefully consumed for 
roll replacement, and hence improve production 
efficiency. 
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to stop supply of the lubricant immediately before 
biting of the strip and start the supply again after 
the biting. 

In this embodiment of Fig. 23, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 
11 and the second type rolling mills (work roll 
crossing mills) 12D to 14D are associated with a 
lubricant supply device which comprises valves 15 
to 21, nozzles 100 to 107 and 150 to 155, a tank 38 
as a supply source of the lubricant, and a pump 
39. The valves 15 to 21 of the lubricant supply 
device are controlled by supply amount adjusters 
22 to 28 and a controller 30. A strip sensor 29 is 
provided in the entrance side of a train of the 
rolling mills to detect the presence or absence of 
the strip 1. The presence of the strip is usually 
detected by using a thermometer. Further, load 
cells 31 to 37 are provided in the respective stands 
to detect biting of the strip. 

When the strip sensor 29 detects that the strip 
has entered, a detected signal is taken by the 
controller 30 from which a supply stop signal is 
immediately transmitted to the supply amount ad- 
juster 22 for the first stand. Threading speeds for 
the respective stands are previously input in the 
controller 30 which calculates periods of time re- 
quired for the strip to pass the stand-to-stand dis- 
tances and successively transmits supply stop sig- 
nals to the supply amount adjusters for the subse- 
quent stands with lags corresponding to the cal- 
culated periods of time. Meanwhile, the supply of 
the lubricant must be started again immediately 
after biting of the strip. To this end, the biting is 
detected by the load cells 31 to 37 provided on the 
respective stands, whereupon supply start signals 
are output to the supply amount adjusters 22 to 28. 
The lubricant is sent from the tank 38 as a supply 
source by the pump 39. By so controlling the 
supply of the lubricant, troubles due to excessive 
thrust forces and slip troubles at the time of biting 
are eliminated, with the result of improved produc- 
tion efficiency. 

Furthermore, rolling schedule is generally de- 
termined so that rolling power becomes uniform 
throughout all the stands. Therefore, rolling load is 
not always on the same order in all the stands. 
There is such a tendency that rolling load is large 
in the upstream stands corresponding to a slow 
threading speed and, to the contrary, it is small in 
the downstream stands. Because thrust forces pro- 
duced in the work roll crossing mill are almost 
proportional to rolling load, the upstream stands 
undergo larger thrust forces than the downstream 
stands and require more frequent replacement of 
the rolls and bearings, meaning that maintenance 
time has been wasted. This disadvantage can be 
eliminated by using, in the upstream stands, a 
lubricant with a greater capability of reducing the 



friction force than that of a lubricant used in the 
downstream stands. 

In this embodiment of Fig. 24, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 
5 11 and the second type rolling mills (work roll 
crossing mills) 12D to 14D are divided into three 
groups and, correspondingly to these groups, the 
lubricant supply device is also divided into three 
groups. A lubricant with the greatest capability of 
10 reducing the friction force or a lubricant with high- 
est density is supplied to the first group of up- 
stream work roll crossing mills 8, 9, 10 from a tank 
42 by a pump 43, a different lubrication, i.e., a 
lubricant with a smaller capability of reducing the 
75 friction force or a lubricant with lower density is 
supplied to the second group of work roll crossing 
mills 11, 12D, 13D from a tank 40 by a pump 41, 
and further a lubricant with the smallest capability 
of reducing the friction force or a lubricant with 
20 lowest density is supplied to the third group of 
work roll crossing mills 14D from the tank 38 by 
the pump 39. By so supplying three kinds of lubric- 
ants, it is possible to make the thrust forces uni- 
form in all the stands, cut down the time wastefully 
25 consumed, and hence improve production efficien- 
cy. Further, the amount of lubricant used is dimin- 
ished. 

Moreover, in the above embodiments of Figs. 
23 and 24, the same lubricant is supplied to the 
30 upper and' lower rolls. In many usual cases, how- 
ever, roll lubricating conditions are different be- 
tween the upper and lower sides, and roll wears 
are also different between the upper and lower 
sides. Generally, since a large amount of cooling 
35 water is used in hot roiling, the lubricant is more 
easily washed away in the lower rolls. Therefore, 
the coefficient of friction in the lower side is in- 
creased and wears of the lower rolls become larger 
correspondingly. 
40 Taking the above into account, in this embodi- 

ment of Fig. 25, a lubricant supply system is di- 
vided into two lines between the upper rolls and 
the lower rolls of the rolling mills for supplying 
lubricants with different densities therethrough. 
45 More specifically, valves 44 to 50 and the nozzles 
100, 102, 104, 106, 150, 152, 154 are provided as 
a device for supplying a lubricant to the upper rolls, 
whereas the valves 15 to 21 and the nozzles 101, 
103, 105, 107, 151, 153, 155 are provided as a 
so device for supplying a lubricant to the lower rolls. 
The lubricant for the upper rolls is supplied to the 
upper roll system from a tank 51 by a pump 52, 
and the lubricant with higher density than the lubri- 
cant for the upper rolls is supplied to the lower roll 
55 system from the tank 38 by the pump 39. By so 
arranging, it is possible to prevent abnormal wear 
of the lower rolls, cut down the time wastefully 
consumed for roll replacement, and hence improve 
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4. A tandem mill, system. in which a plurality of 
rolling mills are arranged along a rolling line, 
said plurality of rolling mills including: 

(a) at least one first type rolling mill (8 to 

11) comprising a pair of work rolls (2, 3) and 5 
a pair of b,ack-up r.olls (6, 7), said pair of 
work rolls (2, 3) being inclined with respect 
to said pair of back-up rolls supporting said 
work rolls and simultaneously crossed each 
other in respective horizontal planes, said io 
pair of work rolls (2, 3) being applied with 
bending forces to control transverse thick- 
ness distribution of a strip by a combination 
of the roll crossing and the work roll bend- 
ing; and 75 

(b) at least one second type rolling mill 
comprising a pair of work rolls (2d, 3d) and 
a pair of back-up rolls (66, 7d), said pair of 
work rolls being crossed each other togeth- 
er with said pair of back-up rolls supporting 20 
said work rolls in respective horizontal 
planes, said pair of work rolls (2d, 3d) being 
applied with bending forces to control the 
transverse thickness distribution of said strip 

by a combination of the roll crossing and 25 
the work roll bending. 

5. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 

(8 to 1 1) is arranged in at least a head stand of 30 
said plurality of roiling mills. 

6. A tandem mill system according to any one of 
claims 1 to 4, wherein said second type rolling 

mill (12 to 14) is arranged in at least a tail 35 
stand of said plurality of rolling mills. 

7. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 

(8 to 11) is arranged in a stand upstream of 40 
said second type rolling mill (12 to 14). 

8. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 
includes means (208, 209) for controlling a 45 
cross angle of said pair of work rolls (2, 3) 
during the rolling in which said strip (1) is 
passing said first type rolling mill. 

9. A tandem mill system according to any one of so 
claims 1 to 4, wherein said first type rolling mill 

(8 to 11) includes lubricant supply means (218, 
222) for lubricating between said work rolls (2, 
3) and said back-up rolls (6, 7) supporting said 
work rolls. 55 

10. A tandem mill system according to any one of 
claims 1 to 4, further including: 



(c) lubricant supply means (15 to 18, 100 to 
107) provided for said first type rolling mill 
(8 to 11) for lubricating between said work 
rolls (2, 3) and said back-up rolls (6, 7) 
supporting said work rolls; 

(d) first detection means (29) provided up- 
stream of said first type rolling mill for de- 
tecting the presence or absence of said 
strip (1); 

(e) second detection means (31 to 34) pro- 
vided for said first type rolling mill for de- 
tecting biting of said strip; and 

(f) control means (30) for controlling said 
lubricant supply means in response to sig- 
nals from said first and second detection 
means. 

11. A tandem mill system according to any one of 
claims 1 to 4, further including: 

(c) plural lines of lubricant supply means 
(41, 43) provided for said first type rolling 
mill (8 to 11) for lubricating between said 
work rolls (2, 3) and said back-up rolls (6. 7) 
supporting said work rolls, said plural lines 
of lubricant supply means having respective 
lubricant supply sources (41 , 43) per line. 

12. A tandem mill system according to claim 11, 
wherein said first type rolling mill is provided 
plural in number, said plural first type rolling 
mills are divided into plural groups in the direc- 
tion of movement of said strip, and said plural 
lines of lubricant supply means are divided into 
plural lines corresponding to the plural groups 
of said first type rolling mills. 

13. A tandem mill system according to claim 12, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 
upstream group (8, 9) of said first type rolling 
mills (8 to 11) has said lubricant supply course 
(42, 43) containing a lubricant with higher den- 
sity, and the line corresponding to the down- 
stream group (10, 11) of said first type rolling 
mills (8 to 11) has said lubricant supply source 
(40, 41) containing a lubricant with lower den- 
sity. 

14. A tandem mill system according to claim 11, 
wherein said plural lines of lubricant supply 
means (38, 39; 51, 52) are divided into two 
lines corresponding to the upper rolls (2, 6) 
and the lower rolls (3, 7) of said first type 
rolling mill. 

15. A tandem mill system according to claim 14, 
wherein out of said two lines of lubricant sup- 
ply means, the line corresponding to said up- 
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24. A tandem mill system according to claim 23, 
wherein out of said two lines of lubricant sup- 
ply means, the line corresponding to said up- 
per rolls has said lubricant supply source con- 
taining a lubricant with higher density, and the 
line corresponding to said lower rolls has said 
lubricant supply source containing a lubricant 
with lower density. 

25. A tandem mill system according to claim 20, 
wherein said plural lines of lubricant supply 
means have a number of nozzles arranged 
along a roll axial direction in each of said work 
roll crossing mills, said number of nozzles are 
divided into plural groups (110 to 115) in the 
roll axial direction, and said plural lines of 
lubricant supply means are divided into plural 
lines corresponding to the plural groups of said 
nozzles. 

26. A tandem mill system according to claim 25, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 
nozzle group (110, 113) in a roll central portion 
has said lubricant supply source containing a 
lubricant with higher density, and the line cor- 
responding to the nozzle group in a roll end 
portion has said lubricant supply source con- 
taining a lubricant with lower density. 

27. A tandem mill system according to claim 20, 
wherein said plural lines of lubricant supply 
means each have a, number of nozzles ar- 
ranged along a roll axial direction in each of 
said work roll crossing mills, and said lubricant 
supply sources for said plural lines of lubricant 
supply means contain lubricants with different 
densities. 

28. A work roll crossing mill comprising a pair of 
work roils and a pair of back-up rolls, said pair 
of work rolls being inclined with respect to said 
pair of back-up rolls supporting said work rolls 
and simultaneously crossed each other in re- 
spective horizontal planes to control transverse 45 
thickness distribution of a strip, wherein: said 

mill includes plural lines of lubricant supply 
means for lubricating between said work rolls 
and said back-up rolls supporting said work 
rolls, said plural lines of lubricant supply 50 
means having respective lubricant supply sour- 
ces per line. 

55 
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